Background: Bronchial asthma is one of the most prevailed non-communicable diseases among Egyptian children and all over the world. Genetic-environmental interaction can influence the nature of many diseases including asthma and considering β2 agonists as one of the most commonly prescribed bronchodilators for relieving asthma symptoms, so this study was conducted to investigate the possible relationship between Gln27/Glu polymorphism of ADRβ2 from one side and bronchial asthma susceptibility, severity and responsiveness to Albuterol (short-acting ADRβ2 agonist) from the other side. Subjects and methods: A case control study of one hundred Egyptian children was designed. All participants were genotyped using allele-specific Polymerase chain reaction (PCR) to assess single nucleotide polymorphism (SNPs) of ADRβ2. Fifty asthmatics, their mean age was (8.10+2.52), who were selected and classified according to GINA guidelines, 2017 and spirometerically assessed to evaluate pulmonary functions. Another fifty matched healthy participants were selected as a control group with a mean age of (8.44+2.40). Results: Gln allele frequency = 0.59 and Glu allele frequency = 0.41 for cases with Chi-squared X 2 = 0.12 and Gln allele frequency = 0.56 and Glu allele frequency = 0.44 for control participants with X 2 = 0.93. There were no statistically significant differences between patients and control regarding Gln27/Glu polymorphism. Gln27 was the only genotype having positive association with both asthma severity and drug response, as it represents only 17.2% of all mild cases, 56.3% of all moderate cases and about 80.0% of all sever studied cases; P value (0.003). Conclusion: B2 adrenergic receptor polymorphism at codon 27 is not associated with asthma susceptibility; however it can be a determinant factor for asthma severity and bronchodilating response to B2 agonists in Egyptian asthmatic children, to be confirmed by further Pharmacogenomic studies.
INTRODUCTION
ronchial asthma is a complex heterogeneous and multifactorial disease manifested as episodes of wheezing, coughing, and difficult breathing. Asthma is a complex polygenic disorder in which, many cells and cellular elements play a role in particular, mast cells, eosinophils, T lymphocytes, macrophages, neutrophils and epithelial cells [1] . WHO declared that, about 235 million people are suffering from asthma . The prevalence of asthma among children in Egypt is 14.7% [3] , where positive family history, overcrowding and bad housing conditions are the more commonly reported risk factors [4] . The B2 adrenergic receptor, which is located on chromosome 5q31-q32 and encodes for the development of 413 amino acids, is found on the surface of smooth muscle cells of airway and plays a vital role in the reactivity of the airways to B2 agonists [5] . Catecholamines or B2-agonists activate ADRB2 receptors in the airways, causing bronchodilatation and relief of wheezing symptoms. In airway smooth muscle cells, the β2 agonists activate adenylyl cyclase enzyme through membrane-coupled G-proteins; this activation increases the intracellular cAMP (cyclic adenosine monophosphate) concentration leading to relaxation of smooth muscles of airway causing its dilatation. The β2 adrenergic agonists may also affect Ca 2+ and K + channels in smooth muscles and lead to relaxation independently of cAMP mechanism. Defects in this receptor might have a pathogenic role in asthma [6] . Several single nucleotide polymorphisms (SNPs) in B2 adrenergic receptors have been discovered, Four of these result in amino acid substitutions at amino acids 16 . Several previous studies have revealed possible relation between asthma and polymorphisms in the coding region of the ADRB2 gene, especially Gln27Glu SNPs (single nucleotide polymorphism), where Glutamic acid is substituted for Glutamine at codon 27. But some of these studies have got conflicting results
[9]
. Based on several studies, the effectiveness of β2-agonist is highly different from one patient to another. This study was performed to focus on the relationship between Gln27Glu gene polymorphism of ADRB2 receptor and bronchial asthma susceptibility, severity and response to B2 agonists in Egyptian children.
SUBJECTS AND METHODS A case control study was conducted in Pediatric Pulmonology department, on 50 asthmatic children, with age ranges from 5 to 12 years , who were selected and classified into 4 main groups regarding the severity of their illness according to GINA guidelines (2016) into; mild intermittent, mild persistent, moderate persistent and sever persistent asthma. Cases with history of chest infection within the past 2 weeks, short acting B2 agonist intake for less than 12hs prior to study or complaining of sever concomitant diseases, are discarded from the study. Another 50 healthy non asthmatic group was selected as a control group. Both case and control groups are matched regarding sex characteristic to study its effect. All cases and control groups underwent detailed history taking, clinical examination and Pulmonary functions evaluation; using (JAEGER MS-IOS digital SPIROMETRY) and an output computer program of (HP Laser Jet Professional P1102). Forced expiratory volume in one second (FEV1), forced vital capacity (FVC) and peak expiratory flow (PEF) parameters were measured. FEV1 was measured in the basal state and 15 minutes after a dose of 0.15 mg/kg of nebulized Albuterol (short-acting β 2 AR agonist) was given. To calculate drug response to β 2 AR agonists, the following formula was used; -255-for 10 minutes; to separate DNA to 2 single strands. Hybridization of Primers (annealing); at this step, the solution is cooled to around 54 o C. By cooling down the solution, primers are allowed to hybridize with the flanking sequences via hydrogen bonding. DNA Synthesis; Solution heated to 72 ˚c. At this optimal temperature, the Taq polymerase will start elongates both primers. Results Interpretation: 10 μl of Agarose gel electrophoresis was done using 2 % agarose running gel was performed on 120 volt for 30minutes and were visualized with ethidium bromide staining.
STATISTICAL ANALYSIS Data were coded, entered and analyzed using SPSS version 20 (SPSS Inc, USA). All numeric variables were expressed as mean  standard deviation (SD). Allele and genotype frequencies of Gln27/Glu polymorphism were compared using, Chi-square ( 2 ) test which can be used to compare frequency of qualitative variables among different groups and a modified Chi-square Fisher's exact test used for small sample sizes. Odd ratio (OR) and confidence interval (CL 95%) were also calculated as a measure of association between ADRB2 polymorphism and asthma susceptibility, severity and drug response. For all tests a probability (p) more than 0.05 was considered non-significant, less than 0.05 was considered significant and less than 0.001 was considered highly significant RESULTS There were no statistically significant difference between patients and control regarding age. Both patient and control groups are completely matched regarding sex characteristic to exclude any possible effect of sex variable on the study. The mean value of BMI was significantly lower among asthmatic patients than control, which was (19.83+3.21) kg/m 2 among asthmatic patients, but it was higher in control group by about 3.74 kg/m 2 , as it was (23.57+3.83). Risk factors distribution among asthmatic patients in this study were as follows; smoke exposure represented 38%, URT infection 72%, Exercise induced asthma 54%, while family history 54%. So URT infection is considered the main triggering factor in the studied group, followed by exercise induced bronchoconstriction (EIP) and positive family history which represented the same percentage, but smoke exposure was the least common stimulant among studied group. It is clear from these results that, to some extent there is an overlapping or interplay between different risk factors, as some patients have more than one risk factor and others don't have any risk factor at all. Regarding distribution of asthma severity among patients, mild intermittent asthma was the most frequently distributed class (38%),followed by Moderate persistent asthma class which was (32%), then mild persistent asthma (20%) while the least frequently distributed grade of asthma severity, was the Severe persistent class (10%). There were no statistically significant differences between patients and control regarding Gln27/Glu polymorphism. As Gln27 genotype represents about (36%) of asthmatic group and (28%) of control group. Heterozygous Gln27/Glu genotype exerted (46%) among patients, while in control group it represents (56%). Glu27 genotype was found to represent about 18% and 16% of patient and control groups respectively ( Figure 1 . Our study is found to be consistent with Hardy-Weinberg equilibrium; which states that, allele and genotype frequencies will remain constant from generation to generation in absence of other evolutionary influences. These influences include mate choice, mutation, selection, genetic drift, gene flow and meiotic drive. Our study is found to be compatible with Chinease , Indian [13] , Japanese [14] and African American [15] studies. But contrasting the Brazilian [16] , Canadian [17] and British [18] studies. An Egyptian study was conducted to investigate the relationship between ADRB polymorphism and nocturnal asthma in children, showed an absence of increased risk for n0cturnal asthma in patients who were Gln/Glu heterozygotes [OR, 1.5; 95% CI, 0.8-2.9] and Glu/Glu homozygotes [OR, 1.1; 95% CI, 0.3-3.5]; there was also an absence of increased risk for the Glu allele [OR, 1.2; 95% CI, 0.8-2.00] [19] . In a recent Egyptian study published in January 2018 [20] , have confirmed our results and showed that, at amino-acid position 27 of the β2AR gene 42.3% were homozygous for Gln-Gln, 5.8% were homozygous for GluGlu, and 51.9% were heter0zygous Gln-Glu. On the other hand, 34.6% healthy children were homozygous for Gln-Gln, 7.7% were homozygous for Glu-Glu, and 57.7% were heterozygous for Gln-Glu. Another Arabian study having similar ethnic conditions, conducted on population of eastern province of Saudi Arabia, has confirmed also data yielded in our study. Abdullah Al-Rubaish has found that, no statistically significant differences were observed in genotype and allele frequencies between the control and asthmatic groups (ᵦ2=0.75, P>.68 [21] .
Regarding the association between severity of asthma and Gln27/Glu polymorphism, this study showed that, the only genotype which was found to have a statistically significant association, was Gln27 genotype, as it represents only 17.2% of all mild cases, 56.3% of all moderate cases and about 80.0% of all sever studied cases; P value (0.003). On the other hand, the other 2 genotypes combined (Gln27/Glu and Glu27) , represented about 82.8% of all mild cases, 43.8% of all moderate cases and about 20.0% of all sever cases. Despite of the non-consistent results between our study and the Brazilian one regarding the linkage between asthma susceptibility and Gln27/Glu polymorphism, De paival et al, agree with us, when asthma severity was taken into account. They stated that, 
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Gln27Glu polymorphism is a risk factor for severe asthma when the Gln27Gln genotype is present (OR = 2.798, CI = 1.099 to 6.674) and a pr0tective factor for mild (OR = 3.063, CI = 1.037 to 9.041) and severe asthma (OR = 0.182, CI = 0.048 to 0.691) when the Gln27Glu genotype is present [22] . Hall et al., 1995, reported also that, the Gln27 allele was associated with greater asthma severity than the Glu27 allele [23] . Similarly, the Gln27 polymorphism has been shown to be associated with persistent br0nchial hyperresponsiveness in a random population sample, studied by D'Amato et al., 1998 [24] . In a study of a random English population the Gln27 polymorphism was associated with raised serum IgE levels, although serum IgE level can't be considered as an indicator of asthma severity . But Holloway et al, 2000, have some contrasting findings to the present study. They observed that, there is no real association between ADRB2 polymorphism and degree of asthma severity. According to this study, the frequency of the Glu27 allele in the both severe and mild asthma groups was not significantly different from that in the control group. Furthermore, the proportion of Glu27 homozyg0tes was similar in the asthma and control groups [26] . However, the Egyptian study of Alghobashy et al, has confirmed the current results, in proving the positive association between polymorphism at codon 27 and asthma severity, it seems to be like an inverted image to ours. They detected that, genotypes GlnGln and Gln-Glu were presented by mild and m0derate asthma, whereas the Glu-Glu genotype was presented by moderate and severe asthma. Where patients with mild intermittent asthma, 38.5% were homozygous for Glu-Glu and 61.5% were heterozygous for Gln-Glu [20] . According to the present study, patients carrying Gln/Gln27 genotype can benefit more from using B2 agonists in relieving bronchospasm accompanying bronchial asthma, on contrary with patients carrying other genotypes at codon 27, who respond more weakly to B2 agonists. This strategy is thought to decrease hazards and to reduce expenses of using needless B2 agonists in such non-responding cases. . Another Indonesian study stated that, ADRB2 polymorphism has no effect on the response to beta-2 agonist; but the Gln-27 polymorphism has with Odds Ratio (OR) 3.18 . Back to the Egyptian study, there were statistically significant relations between gene polymorphism at codon 27 with both FEV1 and FEV1/FVC ratio. They assumed that, asthmatic heterozygous at codons 27 had a better response to treatment with either bronchodilators only or c0mbined therapy. This study showed that, asthmatic patients with Glu-Glu genotypes do not respond to bronchodilator alone but to bronchodilator and ICS [20] . In addition, De Paiva et al. found that asthmatic subjects homozygous for Glu 27 have less airway responsiveness than asthmatic homozygous for Gln 27 [22] . According to our study, no significant relationship had been found between Gln27/Glu polymorphism of B2 adrenergic receptor and elevated levels of neither total serum IgE nor eosinophilic count for all studied genotypes. Giubergia et al, detected also, no significant difference of the total serum IgE level at position 27; moreover, when population was stratified according to the most common homozygous haplotype no association was found in relation to serum IgE . In this context, our study has several strengths and limitations: our sample size may be considered small; there is no control for Khalid M., al….
-261-envir0nmental factors; only one SNP was analyzed; the Egyptian population is to some extent, admixed; and a region with a specific genotype combination associated with risk may also be associated with a peculiar environmental factor. Diseases with a complex genetic origin, such as asthma, also may be characterized by plei0tropy (the same genotype has different phenotypes), genetic heterogeneity (the same phenotype results from different polymorphisms), and incomplete penetrance (the same polymorphism does not always produce the same phenotype [32] . CONCLUSION B2 adrenergic receptor polymorphism at codon 27 is not associated with asthma susceptibility; however it can be a determinant factor for asthma severity and bronchodilating response to B2 agonists in Egyptian asthmatic children, to be confirmed by further Pharmacogenomic studies.
